Objective: Early reports showed a high incidence of postoperative morbidity and mortality after coronary endarterectomy, and its value is still controversial. With technical improvement the role of coronary endarterectomy has been reviewed. In this study we evaluate our results of coronary endarterectomy, and show our strategy for patients with diffuse coronary artery disease.
INTRODUCTION
Endarterectomy is the removal of the atheromatous plaque, dissecting and separating the external media and adventitia layers, thus restoring the lumen to the artery. In patients with diffuse coronary disease, characterized by long segments impaired by atherosclerosis, endarterectomy of the coronary arteries (ECA) is often necessary to perform complete coronary artery bypass grafting (CABG) or to facilitate anastomosis of seriously calcified arteries.
Diffuse coronary disease can make adequate surgical treatment difficult or even prevent it totally. In these cases conventional CABG does not supply an adequate flow through the entire vessel, resulting in incomplete CABG [1] . Incomplete CABG does not affect the immediate mortality rate, but the incidence of arterial reoperations with significant obstructions in vessels, which irrigate the viable myocardium, negatively affects long-term cardiac events. These patients have greater recurrence of angina, worse performance in stress tests and a greater work absenteeism rate and require a greater number of re-interventions, besides the better survival rate of completely grafted patients [2, 3] .
The preliminary results with ECA reflect the experience of the 60s and 70s and demonstrate a greater morbidity and mortality in the immediate post-operative period, making its merit controversial [4] . With technical improvements and a greater operative indication for patients with diffuse coronary atherosclerotic impairment, the role of endarterectomy is being reassessed [1, 5] .
This study aimed at evaluating the results of ECA in our department and to report on our therapeutic conduct with patients suffering from diffuse coronary disease.
METHOD
In the period from January 2000 to December 2001, 278 patients were submitted to isolated CABG in the Santa Rita Hospital by the Instituto Coração de Maringá. Of this total two sub-groups were defined: Group 1 -denominated as ECA Group, was formed of 32 (11.5%) patients in whom at least one coronary endarterectomy was performed. Group 2 -the Control Group, was formed by an equal number of patients from the same department operated on within the same month and year and with similar characteristics in respect to gender, age, number of grafts and myocardial function as the Group 1 patients. The data of both groups was retrospectively reviewed using the patients' records and when this was insufficient the assistant surgeons and/ or patients were contacted. In February 2002, all the patients were contacted by telephone and information was obtained through the responses to a pre-established questionnaire. The survival, long-term cardiac events (re-interventionsnew admission in hospital, new hemodynamic studies or angioplasties, acute myocardial infarction or reoperation) and classification of chest angina (Canadian Class) and heart failure (NYHA class) were investigated.
The mean follow-up period was 9.9 months (range of 2 to 26 months). These data were submitted to actuarial analysis to determine the long-term survival. The two groups did not show statistical difference in relation to age, gender, risk factors and ventricular function, however there was a statistical difference in respect to the number of previous infarctions as is demonstrated in Table 1 with the preoperative data from the two groups.
Surgical Technique
All the operations were performed with the help of cardiopulmonary bypass (CPB), utilizing a membrane oxygenator (Braile -Biomédica, São José do Rio Preto-SP), using surgical techniques to obtain the grafts, to install and maintain the CPB and myocardial protection as previously described [6, 7] .
All endarterectomies were performed manually, using the closed method, followed by reconstruction with anastomosis with pre-defined grafts. The ECA was performed when localized conditions impeded an adequate distal flow, that is, total occlusion, distal diffuse disease or multi-segmental disease; or when a calcified or severely dense plaque ruptured, making anastomosis difficult or obstructing the flow. Usually the 5 to 10-mm arteriotomy was lengthened only if complete removal of the plaque was not possible. Very delicate homeostatic forceps (figure 1) were used to develop a plane between the media lamina and the atherosclerotic plaque. With gentle traction, the plaque was removed trying, with the help of anatomic forceps (contra-traction), cause destruction of the arterial wall, facilitating the removal of the largest segment of plaque. Much attention was paid to the complete removal of the distal segment, proximal traction of the plaque was avoided mainly in the interventricular branch due to the risk of proximal dissection and the occlusion of a wide septal branch, oblique branches or even of the circumflex branch. None of the cases required a second arteriotomy distal to the first. In one patient there was a need to immediately review the endarterectomy and the anastomosis of the left internal thoracic artery to the anterior interventricular branch had to be redone.
All the patients were referred to the heart surgery postoperative unit where they were hemodynamically monitored. ECGs were performed on arrival in the unit, which were repeated if the results of the first ECG were altered or if the patient presented with any type of hemodynamic deterioration and routinely every morning during their stay in the unit and on the day of hospital release. Transoperative or post-operative infarction was defined as any new 'Q' wave not present on the pre-operative ECG, in the presence of a persistent intraventricular conduction defect or a progression loss of the 'R' wave in the precordial derivations. Serial measurements of CK-MB were not routinely obtained.
All the patients received from the first post-operative day for three months acetylsalicylic acid (200 mg) and a derivative of teinopiridin (500 mg ticopidine or 75 mg clopidogrel) via oral aiming to prevent acute thrombosis at the graft and in the endarterectomized artery.
Statistical analysis
The nominal data were analyzed using the chi-square test and Fisher's exact test. Continuous data were analyzed using the student T-test. Survival curves were calculated by the Kaplan-Meier method. A statistical significance was defined by a p-value of less than 0.05 (Software: Statistical Calculus for Windows V.1.8 -developed by Braile and Godoy).
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Legend: IAM= acute myocardial infarction; EF= ejection fraction. 
RESULTS
Thirty-eight endarterectomies were performed in 32 patients (1.18 endarterectomies/patient) as 15.62% of the patients required multiple endarterectomies. Of the 38 endarterectomies, 78.95% were performed in the left coronary arteries and 21.05% were performed in the right coronary branches. In the ECA group the anterior interventricular branch was grafted in 90.6% of the cases with the left internal thoracic artery (LITA), and when this branch required endarterectomy it could be grafted with the LITA in 81.25% of the times. The numbers of grafts and endarterectomies are shown in Table 2 .
Early morbidity and mortality are demonstrated in Table  3 . No significant difference was found between the two groups in relation to hospital complications. We emphasize the greater use of intra-aortic balloon in the endarterectomized patients, although without statistical significance (p-value = 0.148). There were no intra-operative mortalities in either group. In the ECA group there was a hospital death -a sudden death on the first post-operative day, and a late death (in the 20 th post-operative month) which was not related to heart problems, in an 82-year-old patient suffering from pancreatic cancer. The actuarial survival curve at 26 months follow-up is shown in Figure 2 .
During this follow-up period, 87.5% of the ECA group were in Canadian Class l and 5.55% in Canadian Class II. One patient of the control group presented with precordialgia and was readmitted and, although there was no electrocardiographic evidence of acute myocardial infarction, a cardiac catheterism was repeated which demonstrated occlusion of a small left marginal branch. The other patients of the control group remained asymptomatic from the cardiovascular point of view. No other patient presented with clinical indications of needing a new catheterism. The other patients from both groups were not readmitted to hospital for cardiovascular motives and did not present any history of new acute myocardial infarctions.
COMMENTS
ECA was one of the first procedures of direct coronary artery bypass grafting. Charles Bailey was the pioneer to perform closed endarterectomy in humans on October 29th 1956 without the use of CPB [8] . In 1958, Senning et al. reported their experiences with endarterectomy with direct visualization of the plaque and reconstruction with segments of internal thoracic artery. The initial results were very inconsistent, only becoming satisfactory with the combination with venous and arterial grafts [9] .
The exact incidence of diffuse coronary disease is unknown. The percentage of non-grafted coronaries in the CASS -Coronary Artery Surgery Study -was 4.9% of the patients [10] . As can be seen in Table 4 , the incidence of ECA varies between the different cardiovascular surgery departments -from 1% to 50%, depending on the experience and the interest of the department. In Brazil, in 1994, Salerno et al. [11] divulged their experience and 3.9% of their grafted patients were also endarterectomized, with an average age of 58.9 years and a predominance of men (90%). As is also demonstrated in Table 4 , the most common artery to be submitted to ECA is the right coronary. This is the main difference with our study where the prevailing artery is the left coronary branch (78.75%). This must be due to the conduct of the department to preferentially graft the posterior interventricular branch and not to routinely approach the right coronary artery which, because of the specific characteristics of its walls, are more frequently affected by a significant thickening and calcification.
The percentage of endarterectomized patients -11.5%, is similar to the average of other departments. This may not seem high, but analyzing the low incidence of endarterectomies on right coronary arteries (5.26%), where the need is generally greater, mainly in patients more affected by diffuse arteriosclerosis. From this we conclude that this percentage could be higher, if the same principles to treat the right coronary artery were utilized or considering only the left coronary branches. The same reasoning can be applied to the multiple endarterectomies, which vary for department to department from 5.5% published by Salerno et al. [11] , to 63.9% as presented by Gill et al. [18] . In this study the rate was 15.62% of the cases.
ECA is indicated when the coronary vessel is so severely affected by arteriosclerotic disease that conventional surgery is inadequate, where the principal indications summarized by Trehan & Mishra [14] are reported below:
Indications for coronary endarterectomy:
• Multiple obstructions in the same coronary artery;
• Obstruction of the main vessel and its lateral branches;
• Diffusely diseased artery;
• Separation of the plaque during anastomosis;
• The calcified plaque impeding suturing;
• Occlusion along the entire length of the artery.
ECA can be scheduled, before the arteriotomy, or when necessary after the arteriotomy. Although the atherosclerotic involvement pattern can be predicted by analysis verified by coronary cineangiography, prevision of the necessity of performing ECA is rarely possible, as in the majority of cases it is determined during surgery. ECA is more commonly performed manually, using a closed or open technique. It can also be made mechanically with carbon dioxide or by laser with similar results [13] . Reconstruction of the vessel wall can be by direct suturing (currently utilized), with a venous patch (very rare) or followed by anastomosis with a venous or arterial graft, the widely preferred method.
The technique recommended, according to the above, is the closed manual technique. Reconstruction was always achieved by anastomosis with a venous or LITA graft, when the treated artery was the anterior interventricular branch. The open technique is simple as it does not require special materials, does not have risks of fracture of the plaque and it is easy to treat the coronary branches. However, it involves longer CPB and aortic clamping times than the closed technique and still the reconstruction of the arterial lumen is more work requiring a long venous patch and making the use of the internal thoracic artery difficult. This procedure was always performed with the help of CPB, however, recently, with the re-emergence of minimally invasive surgeries, ECA without CPB has again been the motive for publications with favorable initial results [19] .
Histologically endarterectomy involves dissection and resection of the internal elastic slide of the media layer, leaving only the external elastic slide and the adventic layer of the vascular wall [20] . Walley et al. [21] studied the histologic evolution of these arteries and described that in the first seven days, in patients who do not suffer from thrombosis in the immediate post-operative period, the vessels do not show significant changes. In the subsequent days, the formation of fibrous mural thrombi and platelets, which tend to be organized by a vascularization process and growth of spindle cells, can be expected in bare areas. At the end of 50 days, there is a deposit of collagen and reconstruction of a concentric and uniform luminal layer. The presence of significant stenosis (more than 70%) was seen in 46% of the patients who had undergone surgery more than five years before. The atherosclerotic plaque was generally insignificant and stenosis was mainly due to an exaggerated recovery response, more typically concentric.
There was no evidence of aneurysms in the vessel. Because of the greater risk of acute thrombosis after endarterectomy, it is important to consider the role of medicinal therapy in its prevention at the graft and in the endarterectomized artery. Livesay et al. [13] stressed a program of aspirin and Dipiridamol for all these patients which was supported by Chesebro et al. [22] , while other such as Dumanian [23] and Ferraris et al. [16] utilized warfarin for 3 months due to the limited antithrombotic effect of aspirin. Gill et al. [18] used heparin intravenously for 48 hours before starting oral therapy. Antiplatelet therapy is being developed and the efficiency of the combination of AAS with tienopiridin derivatives (ticlopidine and clopidogrel) is still to be determined. Initial results demonstrate the same efficiency for both ticlopidine and clopidogrel with the advantage that the latter presents a lower risk of thrombocytopenia and cutaneous alterations [24] .
There is still no consensus for the use of ECA due to the lack of randomized studies and contradictory results. While some surgical teams are more liberal, others only recommend it in carefully selected cases. Gol et al. [25] discouraged ECA for right coronary arteries and suggested that plasty with a saphenous patch is a better option, but other authors presented favorable results and, frequently, comparable to conventional grafting [26] . Alternative techniques are also recommended for the treatment of patients with diffuse coronary disease, such as the multiple sequential anastomoses "jumping" as the choice procedure for the revascularization of a diffusely affected anterior intraventricular branch as suggested by Alamanni et al. [27] .
Additional to the selected technique, the results after ECA depend on a good functional state of the employed graft and the proliferative response of the surrounding tissue of the endarterectomized vessel. The use of arterial grafts in conjunction with techniques that diminish the response of the vascular wall to the cellular injury, such as the use of new anticoagulants, plaque stabilizers, plaque receptor modifiers, among others, may minimize or even prevent early and late restenosis, both of the graft and the coronary artery itself. When the affected artery was the anterior ventricular branch, utilizing closed endarterectomy this coronary artery could be grafted using the internal thoracic artery in 81.25%, which is important in the determination of its permeability over the short term [26] . Mills [28] reviewed other technical aspects of ECA that are important for the success of the procedure, in particular the appropriate shape and size of the instruments used.
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ECA is not appropriate for all patients with diffuse and extensive atheromatous. Generally women are less endarterectomized, as was noted by all authors, probably due to the smaller length and caliber of their arteries. The left circumflex system is more difficult to be endarterectomized due to its location in the atrioventricular duct [13] .
Loop [1] in 1988, commenting in an editorial about the re-emergence of ECA, concluded that this is currently a technique with beneficial potential due to three reasons: 1) better myocardial protection allows a more meticulous dissection; 2) the success of ECA requires the complete extraction of the atherosclerotic plaque and 3) the medicinal prevention of arterial thrombosis probably improves the efficiency of the endarterectomized vessels.
The long-term benefits were determined by Livesay et al. [13] who studied over a 14-year follow up period 27,095 patients, of whom 3369 (12.4%) underwent associated endarterectomies. They demonstrated that long-term survival ten years after endarterectomy (67%) was very similar to patients submitted to only revascularization (74%). The survival at five years was reported as statistically comparable by Miller et al. [26] , showing that the long-term benefits can be extended to CABG patients with diffuse arterial disease.
The risks of cardiac complications after endarterectomies are well established. The greatest incidence, that of transoperative infarction, was observed in all studies with varying frequencies, but this is reducing as the myocardial protection techniques improve and with the increased experience of the surgical teams [26, 28] . On the other hand, not always the infarcted area corresponds to the endarterectomized artery. Gill et al. [18] who had a high incidence of infarction in this group of patients (21.6%) found that only in 6.5% the infarction was related to the endarterectomized artery. And even when the infarcted area corresponds to the endarterectomized artery, this not always indicates that the graft was necessarily occluded. Qureshi et al. [12] observed that only 39% of the grafts for the infarcted areas were occluded. The occlusion of intramyocardial branches, distal embolization or the temporary lack of equilibrium between blood supply and demand may be responsible for the rest of the acute ischemic episodes. In cases where myocardial infarction occurred with the overt graft, there was no deleterious effect for the global functioning of the left ventricle.
CONCLUSIONS
Although the number of patients studied is still small, the use of a control group gave us a better homogenization of the sample and assisted in the formulation of conclusions. As the results are comparable between the two groups, the conventionally grafted and endarterectomized patients, Important aspects of this technique should be emphasized:
1. The utilization of the closed manual technique, with appropriate instruments was seen to be safe and efficient in the removal of atherosclerotic plaque involved in the principal obstruction.
2. Reconstruction of the anterior interventricular branch should, when possible, be performed with an arterial graft.
3. The lowest incidence of endarterectomy of the right coronary artery, due to the greater approach in the posterior interventricular branch, in general, less affected by the atherosclerotic process, may have a positive influence on the final results.
4. The routine use of new platelet anti-aggregates, such as tienopiridin derivatives, might reduce the incidence of thrombosis in the acute phase after endarterectomy. The utilization of anti-inflammatory drugs to reduce scarring proliferation in the later stage is still not completely known.
The benefits initially obtained should be analyzed during follow-ups of these patients over the long term to elucidate definitive conclusions about this type of approach. Other studies using a larger casuistic should be considered to gain more experience from this surgical technique, thus allowing more liberty in its use.
ADDENDUM
A total of 118 patients underwent revascularization between January 2002 and November 2002 after sending this study for publication, of whom 14 (11.86%) required endarterectomies, performed using the same surgical technique by the same surgeon. The pre-operative characteristics were similar to the study group, only differentiated by the greater percentage of endarterectomies performed in women (42%). Similarly, there was a predominance of endarterectomies in the left coronary branches (83.33%) and in 90%, arterial grafts were used. Of these patients, two required extensive endarterectomies of the anterior interventricular branch as is illustrated in Figure 3 .
In one patient two arteriotomies were used for the complete removal of the plaque, with the reconstructed artery and two sequential anastomoses using the left internal thoracic artery. An acute myocardial infarction complicated by apical interventricular communication with slight hemodynamic repercussion, which was treated clinically, was observed as a post-operative in-hospital complication.
